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ITRAC 3: Training Course on lllicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe

* Exercise #1: predicting the number of counts / count rate

* Exercise #2: coping with the elevated count rates

* Exercise #3: selecting a detector with an appropriate efficiency

* Exercise #4: exploring nuclide contribution to a gamma-spectrum

* Exercise #5: studying the detectability of a nuclide
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IAEA

1. The measurement setup is similar to the default configuration “Nal, L xD =1
in x 2 in (default)”. You are going to calibrate it using the 1 MBq ¢°Co and 1
MB(q 137Cs reference gamma sources. Approximately, how many statistical
counts can you expect within 100 s in the corresponding gamma-spectra?
Make the evaluations with and without backscattered photon contribution.
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Select Co-60
Specify the nuclide’s activity

Getting started

f CoB0 Reference manual
b d H I - 1047 m| 527 Gamma SpeCtrum Generator Questions, remarks, suggestions
nucleonica ... web driven nuclear science | — o posied o orum
Applications Data Knowledge My Preferences Print i@ Help . Alew Browser P ea—
ual chart: Karisrune
Getting started
ekl Reference manual Bement.  Mass .
Co ~ 60 A o | Muclide Mixtures Selector
Gamma SpeCtr Generator Questions, remarks, suggestions ~
10497 m| 627 y 27 Cobalt can be posted in the forum Quantity Reference point:
Bequerel ~ 1000000 Measurement start
Actual chart: Karlsruhe 1 1
S p e C I fy t h e m e as u re m e n t t I m e Measurement setup Calculation results Options
v Element: Mass.
@ '-::: Nugfide Midures Selector Data displayed: Count rate at start - View/Save results in Text or Excel format
Quantity: Reference point: = 11 [1]
Teqiiorl -~ 1000000 ™ Cl | C k O n Start Gamma-Spectrum Simulated for Nal (50.8 x 25.4 mm)

[mmmm Scattering contribution mEEE Continuum . Peaks |

to run a simulation

Measurement setup | Calculation results Oplions

Measurementtime: sec ~ 100 Start Start in background

mﬂ MNal.LxD=1inx2 in (default) > Save as | Delete

Dimensions in | MM

Count rate, cps

Filter
Source o
I B Crystal
diarmet
e 0 200 a0 500 a0 1000 1200 1400
Gamma-ray energy, keV/
Update spectrum graph
Display: ] Energy scale Spectrum continuum Contribution of scattered photons [CInore graph options
Source to Detector distance Crystal length ! Show more settings Mo. Nuclide Count rate at start, cps Count rate at end. cps Spectium-co Display
1 27 Co 60 1.66E+03 1.66E+03 1.65E+05 ]
Total 1.66E+03 1.66E+03 1.65E+05

Select a spectrometer configuration Here is the answer
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Quantity: Reference point
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Measurement setup | Caleulation results ] Options |
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Make a note of additional counts due to the backscattered
photons forming a so-called “backscatter peak”

Getting started
Reference manual

Questions, remarks, suggestions
can be posted in the forum

Gamma Spectrum Generator Settings

[7] Display detector efficiency curves

| Consider decay transformations during cooling and counting time intervals

W Consider effects of backscatter radiation

A 10 Backscatter peak narmalisation factor

B

CaoB0
Gamma Spectru

27 Cobalt

1047 m| 8527y

Actual chart: Karlsruhe

Element: Mass:

Co ~ 60 v |wg] Nucide Midures Seleglor
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Bequerel - Meagurement start

M easurement setup

Getting started
Reference manual
Generator Questions, remarks, suggestions

can be posted in the forum

Calculation results | Optighs

Data displayed: Countrate at start

-/

View/Save results in Text or Excel format

G Spe?{um Si

1for Nal (50.8 x 25.4 mm)

B Peaks |

[mmmm Scattering confribufion mmmm Cortinuum /
i 7

Count rate, cps

0 200 400 600 500 1000 1200 1400
Gamma-ray energy, ke\/

Update spectrum graph

Display: [¥|Energy scale Spectrum continuum Contribution of scattered photons [“IMore graph options

Go to the “Options” tab and enable the modeling

Of the backscatter photon Contrlbutlon No. Nuclide Count rate at start, cps Count rate at end. cps SpectromTeosa Display
1 27 Co 60 1.91E+03 1.91E+03 “1.91E+05 ]
Total 1.91E+03 1.91E+03 1.91E+05

Here is the answer
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... web driven nuclear science
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Getting started
CS1BSY Reference manual
30.06
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Cs ~ 137 = |8 nucide Mitures Selector
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Reference point: “Cooling” time:
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Measurement setup | Calculation resuts | Options |

Gamma Spectrum Generator Settings:

[C] Display detector efficiency curves

[¥] Consider decay transformations during cooling and counting time intervals
A Include gamma-rays of daughter nuclides

0.0 Decay Engine's accuracy factor

[] Consider effects of backscatter radiation

To simulate a typical spectrum for 13Cs, it is
important:

* to enable the decay calculations, and
* to specify the duration of the pre-measurement

(“cooling”) time interval to allow the
accumulation of the daughter isomer 13'MBa

Make sure that 13Cs is selected

nucleonlca-'.'

Data
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‘o to run the simulation
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Measurement setup '-_Calcu\ation results | Options -!

Measurementtime: sec - 100 Start /Stan in background

Current configuration: Na\. LxD=1inxZin (defau\'t}
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Source

- Save as Delete |
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Crystal length Show more settings
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Getting started Getting started
Cs137 Reference manual Cs137 Reference manual

005y Gamma Spectrum Generator ey Gamma Spectrum Generator

Questions, remarks, suggestions

55 Cesium can be posted in the forum 55 Cesium

Questions, remarks, suggestions
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Quantity Reference point: "Cooling” time: Quantity Reference point: “Cooling” time:
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Measuiement setup Calculation results Options Measurament sstup Caleulation results Options
Data displayed: Countrate at start - View/Save results in Text or Excel format Data displayed: Count rate at start - Wigw/Save results in Text or Excel format
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Update spectrum graph
Update spectrum graph P p grap

Display: [¥]Energy scale Spectrum continuum Contribution of scattered photons [T Mare graph options
Display: [¥]Energy scale Spectrum continuum Contribution of scattered photons [ Mare graph options e s s . graph opt
N Nuclid e ——— e ——— Spect 3 Displ No. Nuclide Count rate at start. cps Count rate at end, cps Spectrum counts Display
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Here is the answer (without the backscatter peak) Here is the answer (with the backscatter peak)
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Answers:

60Co:

 without backscatter photons ~1.66-10° counts
 with backscatter photons =1.91-10° counts

137CS:

 without backscatter photons ~1.06-10° counts
 with backscatter photons =1.18:10° counts
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2. You have to measure the 10 MBq 1°2Eu source with Nal (3"x3") scintillation
detector in the measurement setup similar to the default configuration “Nal,
L xD=3in x 3in (default)”. In your disposal there are three lead filters — 1
mm, 3 mm and 5 mm thick.

Questions:

* Find right combinations of the filters, which would make the measurement
possible, assuming that your electronics can cope only with input count
rates below 20 kcps (kilo counts per second).

* Check if the same electronics and filters will allow you to perform the
measurement in the configuration “HPGe, coaxial, p-type, rel. eff. 150%
(default)”.
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Set up the nuclide and measurement geometry Eui52 Retars oo
settings as requested by the exercise Gamma Spectrum Generator

szmhn |13y Questions, remarks, suggestions
53 Europium can be posted in the forum
. Actual chart: Karlsruhe
Getting started
Eu152 Reference manual
Element: Mass:
15k |o=mn |i=s3y Gamma SpeCtrum Generator Questions, remarks, suggestions - )
. can be posted in the forum Eu - 152 - ﬂ Nuclide Mixtures Selector
63 Europium
Quantity: Reference point:
Actual chart: Karlsruhe Bequerel ~  1.000e+7 Measurement start
e N Measurement setup I Calculation results | Oplions |
Eu - 152 - l.:: Nuclide Mixtures Selector
Quantity: Reference point: Measurementtime. sec « 100 Start Start in background
Bequerel ~  1000e+7 Measurement start X
Current configuration: <..Edit..> - Save as Delete
Measurement setup | Calculation results | Options: |
Dimensions in MM hd
Filter
Measurementtime: sec ~ 100 Start Start in background
Current configuration: Mal, LxD =3inx 3 in (defaulf) - Save as Delete Source
76.2
Dimensions in | MM o Crystal
diameter
Filter
b
Source —
76.2
o Crystal
diameter 2500 762
X Source to Detector distance Crystal length Showe more settings
Filter: Lead * 10 d ?m'.;A"HdmﬁH'E'rnlué'y'é"fm‘| Remove filter layer
250.0 76.2 Input window: Aluminum ~ 05 | No. | Layer matenial | Thickness |
[ Crystal packaging: Foam Plastic ~ 00 | 1 |Lead | 1.0 |
Source to Detector distance Crystal length * Bhow mare settings
Inactive layer / Reflector:  Magnesium oxide -~ 05 A

Mumber of channels in the spectrum accumulated: 2048 ~
Channelto-energy conversion factor, keV/channel: 1.0
Energy resolution (FWHM) in keV at 122 keV: 180
Energy resolution (FWHM) in keV at 1332 keV: 900

Add / Remove filters using “Add filter layer” and
“Remove filter layer” buttons
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Getting started

Eu152 Reference manual
Gamma Spectrum Generator . S
16h |928h [1353y " J 344
63 Europium can be posted in the forum
Actual chart: Karlsruhe
Element: Mass.

Eu ~ 152 - '1.-: Huclide Mixtures Selector

Quantity: Reference point:
Bequerel ~  1.000e+7 Measurement start DO S I m I I ar C al C u I atl 0 n S .
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300 . — : _
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the electronics is suitable.
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Update spectrum graph |

Display: Energy scale Spectrum continuum Contribution of scattered photons [“IMore graph options
MNo. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display . .
1 63Eu1s2 4.38E+04 4.38E:+04 4.38E+06 O Here is the value to be compared with the
Total 4.38E+04 C A38E+M4 < 4.38E+06

count rate limit of 20 kcps
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Answers:

Valid filter combinations:

* 8mm=3mm +5mm (18.8 kcps),

*Omm=1mm+3mm+5mm (17.2 kcps).

The electronics is not suitable for the configuration with 150% HPGe detector

since even for the thickest filter combination the predicted input count rate is
22.6 kcps.
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3. You have an HPGe detector with crystal length — 30 mm, crystal diameter
— 50 mm, rear contact length — 20 mm, rear contact diameter — 10 mm,

inactive Ge — 1.5 mm, cap thickness — 1 mm Al, and crystal to cap
distance — 5 mm.

Questions:

What is the relative efficiency of your detector?

What crystal length would double the relative efficiency?
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Getting started
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Channel-to-energy conversion factor, keV/channel: 0.3
Energy resolution (FWHM) in keV at 122 keV: 13
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Quantity: Reference point:
Bequerel *  1.000e+7 Measurement start

Measurement setup Calculation results Options
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Getting started
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[IMore graph options

Spectrum counts Display
2 15E+06 s
2.15E+06



Institute for
Tran: i
ts

ITRAC 3: Training Course on lllicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe

Eu152
Gamma Spectrum Generator

63 Europium
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Actual chart: Karlsruhe

Getting started
Reference manual

Questions, remarks, suggestions
can be posted in the forum

Element: Mass:
Eu ~ 152 v %] Huclde Miures Selector Answer #2
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Bequerel +  1.000e+7 Measurement start
Measurement setup Calculation results Optliohs
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Number of channels in the spectrum accumulated: 8192
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Energy resolution (FWHM) in keV at 1332 keV: 23
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|
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Measuement setup
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Exercise #3: selecting an appropriate detector

Gamma Spectrum Generator
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Calculation results Options:
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Getting started
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View/Save results in Text or Excel format
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4. The 1 g natural uranium sample (234U — 0.000055 g, 23°U — 0.0072 g, 234U —
0.992745 g) was measured twice using the same Nal (3"x3") scintillation
spectrometer (configuration “Nal, L x D =3 in x 3 in (default)”). The first and
second measurements were performed for 100000 s, 10 days and 1 year after
the uranium separation, respectively.

Question:

* What are the relative contributions of 235U and 238U to the gamma-spectrum
measured in both measurements?

Suggestion:

* When modeling gamma-spectra, use the 1 mm Pb filter to imitate the self-
attenuation of gamma-rays by the uranium sample.
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Click on “Nuclide Mixtures Selector”
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Getting started
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Huclide Mixtures:

Press “Start”

Natl1g +  MNuclide Selector
Total activity: Reference point: "Cooling™ time:
Bequerel +  2557e+004 Mixture creation A day ~ 10
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No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display
1 "92 U 234" 6.21E-04 6.21E-04 = 1 "92 U 234" 6.22E-04 6.22E-04 5 90F+01 ]
2 "92 U 235" 6.39E-01 6.39E-01 6.41E+04 2 "92 U 235" 6.39E-01 6.39E-01 6.35E+04
3 "92 U 238" 1.89E-01 2.08E-01 1.99E+04 3 "92 U 238" 7.56E-01 7.56E-01 T.55E+04
Total 8.29E-01 8.48E-01 8.40E+04 Total 1.40E+00 1.40E+00 1.39E+05

Answers: after 10 days 23°U - 76% and 238U - 24%; after 1 year 23°U - 46% and 238U - 54%.
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5. Based on the gamma-spectrometric examination of a source, the presence of
60Co with activity of 100 kBg was revealed.

Question:
* Which of the default GSG measurement configurations are suitable for

detecting an additional presence of 50 Bg of 21Am in the same source by
performing a 1000 s long measurement?
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'
nucleomca‘.’

Applications Data

... web driven nuclear science

My Preferences Print @& Help «f New Browser

Knowledge

Gefting started
Reference manual

Nuclide Mixtures

My Mitures ! Edit l Upload | Sample Mistures |

Name
Co-6010kBq+Am-24150Bq
Description:

GSG Problem No 5

-.:‘ ity ,.h uL umber of Aton J. 1SS I3 ‘é le | ;‘ \ctivity rat Significant figures: 4 -
(add a new Nuclide)
95 Am 241

27 Co B0

4.998e-4
0.9g95

Element Mass Quantity Unit

- =1 Gram

Save Mixture Reset Cancel

Go to “Nuclide Mixtures” and create a new mixture
consisting of 10 kBg ®°Co and some amount of 241Am

In the GSG select the mixture

.
nucleomc:a“.'

Applications Data

... web driven nuclear science

My Preferences Print @& Help «f Mew Browser

Knowledge

Getting started
Reference manual

Gamma Spectrum Generator
Co-60 10 kBq + Am-241 50 Bq

Questions, remarks, suggestions
can be posted in the forum

Actual chart: Karlsruhe

Nuclide Mixtures: v

‘Co60 10kBO+Am-24160 Bg | = Nucide Selector Select a default

Total activity: Reference point: . g
E-iequeré\' - 1.DDDe+.ﬂE}5. :I-.1easurementslart Conflg u ratlon to be teSted
Meazurement setup | Caloulation results | Options | |

Measurementtime: sec ~ 1000 Start Start in background |

Current configuration: Nal, LxD=3inx3 in (default) - Save as Delete

Dimensions in | MM

Source

| 76.2

Crystal
diameter

Source to Detector distance

Crystal length Show more settings
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Getting started Getling started
- REfErEnci manual - Reierenci manual
Gamma speCtrum Generator Questions, remarks, suggestions Gamma Speetrum Generator Questions, remarks, suggestions

CO-GO 10 kBq - Am_241 50 Bq can be posted in the forum CO-BO 10 kBq + AITI-241 50 Bq can be posted in the forum
Actual chart: Karlsruhe Actual chart: Karlsruhe
“ . . ”
Nuclide Mixtures: CIICk (L Text” tO doWnload Nuclide Midures: SeIeCt Open Wlth Edltor
Co-60 10kBq +Am-24150Bq | Nuclde Selector . Co-60 10 kBq + Am-241 50 Bq v Nuclide Selector an d ress O K
Total activity Reference point: C al C U I a.t I O n reS U I tS Total activity: Reference point; p
Bequerel +  1.000e+005 Measurement start Bequerel ¥ 1.000e+005 Measurement start
M easurement setup Calculation results Optians Measurement setup Calculation o SNSRI R
* Sie mochten folgende Datei herunterladen:
Data displayed: Countrate at start - Vigw/Save resufts in Text or Excel format Data displayed: Count rate. | customer_174_1.txt pisave resutts r Excel format
Vom Typ: Text Document
G Spectrum Simulated for Nal (76.2 x 76.2 mm) Von: http://www.nucleonica.net
5 m— Full spectrul Wie soll Firefox mit dieser Datei verfahren? L
[ . . ; : . . . : . . . : ) . . . : Editor (Standard) -
[ ~) Datei speichern
15 1 X | Ear Dateien dieses Typs immer diese Aktion ausfahren :
& & :
g s :
= = :
] E :
H § —
S S :
} } J I
0 500 1000 1500 2000 ] 500 1000 1500 2000
Channel number Channel number
Update spectrum graph Update spectrum graph
Display: [[1Energy scale  [C] Spectrum continuum ] Contribution of scattered photons [T More graph options Display: DEnergy scale [ Spectrum cantinuum ] Contribution of scattered phatons I More graph options
No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display
1 27 Co 60 6.92E+02 6.92E+02 6.93E+05 [ 4 97 Co 60" 6 92E+07 6 92E+02 6 93E+05 [l
2 SAma] L21=Y] il LIS o 2 "95 Am 241" 1.24E-01 1.21E-01 1.19E+02 ]
Total S 02 S 02 BEEEDD Total 6.92E+02 6.92E+02 6.93E+05




ot chree oo
j customer_174_1 - Editor lilﬂlg
Datei Bearbeiten Format Ansicht 7 | SCrOII dOWn the text to dlsplay
Nucleonica - GAMMA SPECTRUM GENERATCR Version 1.0.0.1 - w ”
E the “X-rays and Gamma-rays” table
Content: Calculation Results
Created: 08.10.2010 23:00:43 (UIC) @] customer 1741 Eaitor ST T ) == . ] | PR
Datei Bearbeiten Format Ansicht 7
INPUT PARAMETERS:: X-RAYS AND GAMMA-RAYS: .
fl |
SPECTRCMETER: Ancestor Emitter Energy, X/G Photons Emission rate, 1/s3 Photons Peak region counts Detection efficiency Filter Encestor's |7|
Configuration name - NaI, L x D=3 in x 3 in keV ray per decay at start at end emitted peak area peak bkgr total FEP att. factor MDA(0), Bg
E;g:ziﬁe(i:;g;h Al S B gd; rf]:f;ég:{:;i‘u:ﬂs;ig:] 27 Co 60 27 Co 60 0.850 X 1.495E-006 1.494E-001 1.494E-001 1.494E+002 0.000E+000 5.080E+003 0.000E+000 0.000E+000 1.000E+00Q NAN
. . 27 Co 60 27 Co 60 7.461 X  3.270E-005 3.269E+000 3.263E+000 3.269E+003 0.000E+000 7.642E+003 0.000E+000 0.000E+000 1.000E+000 NAN
| Cxystal packaging gicsaEcanElaatie 27 Co 60 27 Co 60 7.478 X 6.438E-005 6.435E+000 6.435E+000 6.435E+003 0.000E+000 7.642E+003 0.000E+000 0.000E+000 1.000E+000 NAN
S R S CA LT L = Wod et aia ) Il 27 co &0 27 Co 60 2.260 X 1.511E-005 1.310E4000 1.310E+000 1,310E+003 0.000E+000 &.010E+003 0.000E+000 0.000E+000 1.000E+000 AN
Number of additional filters - O 1 27 co 60 27 Co 60 347.140 G 7.500E-005 7.496E+000 7.496E+000 7.496E+003 2.766E+001 3.088E+004 4.708E-003 3.696E-003 1.000E+000 3.100E+007
FWHM at 122 keV = 18 keV 27 Co &0 27 Co 60 826.100 G 7.600E-005 7.596E+000 7.596E+000 7.596E+003 1.362E+001 7.321E+004 3.860E-003 1.797E-003 1.000E+000 3.029E+008
FWHM at 1332.5 keV - 90 keV 27 Co &0 27 Co 60 1173.230 G 9.985E-001 9.980E+004 9.980E+004 9.980E+007 1.321E+005 3.222E+004 3.528£-003 1.327E-003 1.000E+000 4.323E+000
Number of channels - 2048 27 Co 60 27 Co 60 1332.490 G 9.998E-001 9.993E:004 9.993E+004 9.993E4007 1.184E+005 1.660E+004 3.413E-003 1.187E-003 1.000E+000 4.153E+000
Channel-to-Energy conversion - 1 keV/channel 27 Co 60 27 Co 60 2158.570 G 1.200E-005 1.199E+000 1.199E+000 1.199E4003 2.577E-002 3.678E-002 3.056E-003 7.591E-004 1.000E+000 5.743E+007
Source-to-Detector distance - 250 mm 27 Co 60 27 Co 60 2505. 690 G 2.000E-008 1.999E-003 1.399E-003 1.999E+000 O0.000E+000 0.000E+000 2.376E-003 6.553E-004 1.000E+000 NAN b
Spectrum measurement time _ 1.000E+00% =es 95 Am 241 95 Am 241 4.608 X 6.987E-002 3.492E+000 3.492E+000 3.492E+003 0.000E+000 6.542E+003 0.000E+000 0.000E+000 1.000E+000 NAN
95 Am 241 95 Am 241 14.440 X  3.307E-001 1.653E+001 1.653E+001 1.653E+004 1.764E+001 1.057E+004 1.072E-003 1.072E-003 1.000E+000 1.621E+003
SOURCE 95 Am 241 95 Am 241 97.080 X 1.286E-005 6.428E-004 6.428E-004 6.428E-001 3.178E-003 1.697E+004 5.388E-003 4.956E-003 1.000E+000 4.251E+007
) . 95 Am 241 95 Am 241 101.070 X 2.068E-005 1.033E-003 1.033E-003 1.033E+000 5.132E-003 1.732E+004 5.385E-003 4.978E-003 1.000E+000 1.129E+007
Nuclide mixture - Co-60 10 kBg + Am-241 50 Bg 95 Am 241 95 Am 241 113.310 %X  2.399E-006 1.199E-004 7 700F_NAZ 1 100F_AA1 & ANAR_AAA 1 TESFiAAA £ 47AF_AAR S A1BR_AAZ 1 ARATAAAA 1 O58E+008 r
e _ > ehibuth B =S 95 Am 241 95 Zm 241  114.240 X 4.570E-006 2.284E-004 . . . 151E+007
Reference point of time - Measurement start 95 Am 241 95 Am 241 117.500 X 2.564E-006 1.281E-004 F| nd an 241Am gam ma_l ne W|th the 197E+008
95 Zm 241 95 Am 241 13.810 G 1.656E-008 8.276E-007 64E+016
CALCULATICHN: 95 Am 241 95 Zm 241 26.345 G 2.430E-002 1.214E+000 i93E+003 |
Consider decay transformations - Ho 95 Am 241 95 Am 241 27.040 G 6.264E-003 3.130E-001 IOWeSt MDA Va.l Ue I83E+004
Consider backscatter radiation - No 95 Am 241 95 Am 241 2g.510 G 2.772E-005 1.385E-003 '13E+008
95 Am 241 95 Am 241 31.400 G  6.120E-009 3.058E-007 3.058E-007 3.058E-004 1.441E-006 1.327E+004, 4.713E-003 4.713E-003 1.000E+000 6.563E+015 :
2m Am 241 33.196 G 1.217E-003 6.081E-002 6.081E-002 6.081E+001 2.620E-001 1.366E+004| 4.841E-003 4.311E-003 1.000E+000 3.30BE+005
CALCULATION EESULTS: : 2m Im 241 38.570 G 1.260E-008 6.297E-007 6.297E-007 €.297E-004 2.459E-006 1.409E+004| 5.058E-003 3.907E-003 1.000E+000 3.252E+015
2m Im 241 40.500 G 6.120E-009 3.058E-007 3.058E-007 3.058E-004 1.217E-006 1.411E+004| 5.114E-003 3.979E-003 1.000E+000 1.535E+016
UCTINE S 2m Im 241 42.720 G 3.852E-004 1.925E-002 1.925E-002 1.925E+001 7.755E-002 1.413E+004| 5.163E-003 4.030E-003 1.000E+000 4.732E+006
am am 241 43.420 G 6.588E-004 3.292E-002 3.292E-002 3.292E4001 1.331E-001 1.414E+004| 5.178E-003 4.046E-003 1.000E+000 1.T92E+006
- T am am 241 51.010 G 5.400E-006 2.699E-004 2.699E-004 2.639E-001 1.152E-003 1.455E+004| 5.285E-003 4.273E-003 1.000E+000 2.496E+010
e =y L iR Hum am m 241 54.080 G 2.664E-006 1.331F-004 1.331E-004 1.331E-001 5.794E-004 1.456E+004| 5.310F-003 4.356E-003 1.000E+000 9§.725E+010
L5 EIh e acyccd of deq ZAm am 241 55.550 G 1.836E-004 ©.175E-003 9.175E-003 ©.17SE+000 4.029E-002 1.493E+004| 5.322E-003 4£.394E-003 1.000E+000 2.086E+007
|| 2m am 241 56.880 G 2.340E-008 1.169E-006 1.169E-006 1.169E-003 5.173E-006 1.493E+004y 5.331E-003 4.426E-003 1.000E+000
"27 Co 60" 27 Co 60  9.995E+004 9.995E+004 9.935H ZAm Zm G 3.600E-001 1.79SE+001 1.799E+001 1.799E+004 B.063E+001 1.485E+004 5.344E-003 4.4B5E-003 1.000E+007,
"95 Am 241" 95 Am 241  4.998E+001 4.998E+001 4.998H Am Am @ 5.76DE-006 2.B79E-004 2.879E-004 2.879E-D01 1.321E-003 1.530E+004 5.365E-003 4.592E-003 1.000E+000
95 Am 241 95 Am 241 67.450 G 2.16DE-006 1.079E-004 1.079E-004 1.0T9E-001 5.004E-004 1.566E+004 5.372E-003 4.638E-003 1.000E+000 1.237E+011
TOTAL: 1.000E+005 1.000E+005 1.000H| 95 Am 241 95 Zm 241 69.760 G 2.880E-005 1.439E-003 1.439E-003 1.439E+000 6.729E-003 1.566E+004 5.378E-003 4.678E-003 1.000E+000 6.773E+008
95 Am 241 95 Am 241 75.920 G 5.760E-006 2.879E-004 2.879E-004 2.879E-001 1.370E-003 1.600E+004 5.387E-003 4.764E-003 1.000E+000 1.367E+010
95 Zm 241 95 Am 241 78.100 G 2.088E-008 1.043E-006 1.043E-006 1.043E-003 4.996E-006 1.599E+004 5.390E-003 4.792E-003 1.000E+000 9.016E+014
X-RAYS AND GAMMA-RAYS: 95 Zm 241 95 Am 241 92.200 G 6.120E-007 3.058E-005 3.058E-005 3.058E-002 1.505E-004 1.662E+004 5.391E-003 4.926E-003 1.000E+000 &.400E+010
95 Am 241 95 Am 241 96.800 G 1.368E-006 6.837E-005 6.837E-005 6.837E-002 3.384E-004 1.697E+004 5.388E-003 4.954E-003 1.000E+000 4.12BE+009
| ancescor S Eneray, el 95 Am 241 95 Am 241 98.970 G 2.232E-004 1.115E-002 1.115E-002 1.115E4001 5.537E-002 1.733E+004 5.387E-003 4.968E-003 1.000E+000 7.260E+005
95 Am 241 95 Am 241 102.960 G 2.088E-004 1.043E-002 1.043E-002 1.043E+001 5.197E-002 1.732E+004 5.383E-003 4.985E-003 1.000E+000 7.236E+005
Loy ray per decay 95 Am 241 95 Am 241 109.700 & 1.224E-007 6.117E-006 &.117E-006 &.117E-003 3.061E-005 1.766E+004 5.375E-003 5.008E-003 1.000E4000 5.442E+010
M 95 Am 241 95 Am 241 115.500 G 8.280E-008 4.138E-006 ¢.138E-006 4.138E-003 2.076E-005 1.764E+004 5.366E-003 5.021E-003 1.000E+000 1.10BE+011
27 Co &0 27 Co &0 0.850 X 1.495E-006 M o5 am 241 95 Am 241 120.400 G 4.680E-008 2.339E-006 2.339E-006 2.339E-003 1.175E-005 1.836E+004 5.357E-003 5.027E-003 1.000E+000 3.04BE+011
27 Co &0 27 Co &0 7.461 X 3.270E-005 3| 95 Am 241 95 Rm 241 123.000 G 1.080E-005 5.3897E-004 5.397E-00¢ 5.397E-001 2.T713E-003 1.872E+004 5.353E-003 5.030E-003 1.000E+000 1.803E+007
< m 95 Zm 241 95 Am 241 125.310 G 4.104E-005 2.051E-003 2.051E-003 2.051E+000 1.031E-002 1.835E+004 5.349E-003 5.033E-003 1.000E+000 3.911E+006
95 Zm 241 95 Am 241 129.000 G 7.200E-009 3.598E-007 3.598E-007 3.598E-004 1.809E-006 1.871E+004 5.341E-003 5.031E-003 1.000E+000 7.304E+012
95 Zm 241 95 Am 241 135.300 G 2.736E-006 1.367E-004 1.367E-004 1.367E-001 6.867E-004 1.906E+004 5.328E-003 5.027E-003 1.000E+000 &.213E+007 -
Y X 71 13
Zeile 83, Spalte1
= ——
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Select next default configuration for testing and click on “ Start”

Getting started
f Reference manual
nucleonica "g¥ web driven nuclear science Gamma Spectrum Generator P
e - CO-GO 10 kBq + Am-241 50 Bq can be pested in the forum
Applications ~ Data  Knowledge My Preferences  Print & Help « New Browser Actual chart Karisrune
- = 1] ”
eiogstered || ek s Again click “Text” to
Reference manual )
Co-60 10 kBg + Am-241 50 Bq ~  Nuclide Selector
Gamma SpeCtrum Generator CQuestions, remarks, suggestions Total activity: Reference point: d OW n I O ad res u I tS
Co-60 10 qu + Am-241 50 Bq £n.be posiod in ey forum Bequerel ~  1.000e+005 Measurement start
Actual chart Karlsruhe Measurement setup Calculation results Options
Huchoe Nocimcs: Data displayed: Statistical number of counts ~ + View/Save resutts in Text or Excel format
Co-60 10 kBg + Am-24150 Bq *  MNuclide Selector
Total activity: Reference point: G Spectrum Simul 1for HPGe (rel. eff. 30.6%)
Bequerel ~ 1.000e+005 |Measurement start . [m— =7 C Y 55 Am 24|
B Measurement setup _\_ Calculation results | Optians ]
1
Measurementtime: sec - 1000 Start | | Startin background |
A 4
Current configuration: BEGe, 30 mm x50 cm2, rel. eff 30% (default) - Save as 1 Delete

Dimensions in | MM

Number of counts
5]

Filter
10°
Source g
- 10"
o Crystal 0 200 400 B00 800 1000 1200 1400
diarneter Gamma-ray energy, ke\V'
Contact
| diameter Update spectrum graph
Display: Energy scale ["*More graph options
Contact length
No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display
il 1 "27 Co 60" 8.57E+03 8.57E+03 8.57E+06
Source to Detector distance Crystal length — Show more settings 2 95 Am 241" 3 41E+00 3 41E+00 3356403

Total 8.57TE+03 8.57TE+03 8.57E+06
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Gamma Spectrum Generator
Co-60 10 kBq + Am-241 50 Bq

Questions, remarks, suggestions
can be posted in the forum

Actual chart: Karlsruhe

Nuclide Mixtures: | customer_174_3 - Editor - 4 E‘E‘gj
-
Co-6010kBq + Am-241 50 Bq v]  Huckde Selecior Datei Bearbeiten Format Ansicht ?
Total activity Reference point -
,— X-RAYS AND GAMMA-RAYS: B
Bequerel =] OO nen von Cotomer 17 S0 4
. _ Ancestor Emitter Energyv, /G Photons Emission rate, 1l/s Photons Peak region counts Detection efficiency Filter Ancestor's
Measurement setup | Calculation i D2 D 2 e s keV ray per decay at start at end emitted peak area peak bkgr total FEP att. factor MDA(O), Bg
| customer 174 3.txt
) 5 3 N oy S 27 Co €0 27 Co €0 0.850 X 1.495E-006 1,494E-001 1.494E-001 1,494E+002 0.000E+000 7.332E+003 0.000E+000 0.000E+000 1.000E+000 NAN
Data displayed:  Statstical e 27 Co €0 27 Co 60 7.461 X  3.270E-005 3.269E+000 3.269E+000 3.263E+003 0.000E+000 1,071E+00¢4 0.000E+000 0.000E+000 1.000E+000 NEN
on: hitp://www.nuclecnica.net | 27 co 60 27 Co 60 7.478 X  6.438E-005 6.435E+000 6.435E+4000 6.435E+003 0.000E+000 1.071E4004 0.000E+000 0.000E+000 1.000E+000 NEN
Wie soll Firefox mit dieser Datei verfahren? 27 Co €0 27 Co 60 3.260 ¥ 1.311E-005 1.310E+000 1.310E+000 1.310E+003 0.000E+000 9.207E+003 0.000E+000 0.000E+000 1.000E+000 NEN
(7T 27 Co €0 27 Co 60 347.140 G 7.500E-005 7.496E+000 7.496E+000 7.496E+003 1.856E+002 2.191E+004 6.240E-002 2.476E-002 1.000E+000 4.303E+005
5 Offnen mit | Editor (Standard) 27 Co €0 27 Co 60 226.100 G 7.600E-005 7.596E+000 7.596E+000 7.596E+003 6.568E4001 4.547E4+004 4.902E-002 8.647E-003 1.000E+000 8.100E4006
il - > i 27 Co €0 27 Co &0 1173.230 G 9.985E-001 9.920E+004 9.980E+004 9.980E+007 5.S01E+005 1.625E+004 4.378E-002 5.914E-003 1.000E+000 6.865E-001
27 Co 60 27 Co &0 1332.490 G 9.998E-001 9.993E+004 9.993E+004 9.993E+007 5.145E+4005 B.826E+001 4.195E-002 5.150E-003 1.000E+000 7.465E-001
Fiir Dateien dieses Typs immer diese Aktion ausfih 27 Co 60 27 Co &0 2158.570 G 1.200E-005 1.199E+000 1.199E+000 1.199E+003 3.562E4000 1.378E-003 3.594E-002 2.971E-003 1.000E+000 1.07SE+005
" 27 Co 60 27 Co &0 2505.690 G  2.000E-008 1.999E-003 1.8999E-003 1.999E+000 0.000E+000 0.000E+000 3.448E-002 2.462E-003 1.000E+000 NAN
0 95 Am 241 95 Am 241 4.608 ¥ 6.987E-002 3.492E+000 3.492E+000 3.492E+003 0.000E+000 1.375E+00¢ 0.000E+000 0.000E+000 1.000E+000 NAN
£ 95 mm 241 95 Am 241 14.440 X 3.307E-001 1.653E+001 1.653E+001 1.653E+004 1.329E+003 1.404E+004 9.476E-002 £.283E-002 1.000E+000 2.484E+001
H oK 95 Am 241 95 Am 241 97.080 X 1.286E-005 6.428E-004 €.428E-004 6,428E-001 5.458E-002 1,887E+004 9.093E-002 £.655E-002 1.000E+000 7.236E+005
S 95 Am 241 95 Am 241 101.070 X 2.068E-005 1,033E-003 1.033E-003 1,033E+000 £.651E-002 1,727E+004 9.033E-002 £.548E-002 1.000E+000 4.346E+005
S a0f 95 Am 241 95 Am 241 113.310 X 2.399E-006 1,199E-004 < T S 7 SmnT omns o ssnmomnn s mssmosmas n meanomen o osmenomen s msemonen s 9EREL006
- 95 Am 241 95 Am 241 114.240 X 4.570E-006 2.284E-004 - . 241 . \08E+006
E 95 Bm 241 95 Bm 241  117.500 X  2.564E-006 1,281E-004 Ag aln f| n d an Am g amm a-l ne 192E+006
H] 95 Em 241 95 Am 241 13.810 G 1.656E-008 8.,276E-007 121E4014
2 35 mm 241 95 Am 241 26.345 G 2.430E-002 1.214E+000 H i33E+002
o 35 mm 241 95 Am 241 27.040 G 6.264E-003 3.130E-001 Wlth the |OW€St MDA Val ue |6TE4+003
35 mm 241 95 Am 241 28.510 G 2.772E-005 1.385E-003 _.____ ___ _.____ el _.. _.l0SE+005
95 &m 241 95 Am 241 31.400 G 6.120E-009 3.058E-007 3.058£-007 3.058E-004 2.860E-005 1.264E+004] 9.703E-002 9.351E-002 1.000E+000 1.146E4011
" 2m Am G 1.217E-003 6.081E-002 6.081E-002 6.081E+001 5.708E+000 1.265E+004| 9.701E-002 9.386E-002 1.000E+000 5.496E+003
10 2m ZAm G 1.260E-008 6.297E-007 &.297E-007 6.297E-004 5.960E-005 1.266E+004| 9.691E-002 9.465E-002 1.000E+000 2.385E+010
e el o e LY 2m ZAm G  6.120E-009 3.058E-007 3.058E-007 3.058E-004 2.897E-005 1.425E+004| 9.685E-002 9.473E-002 1.000E+000 1.153E+011
Gamma.ray energy, keV 2m ZAm G 3.852E-004 1.925E-002 1.825E-002 1.925E+001 1.820E4000 1.267E+004| 9.676E-002 9.452E-002 1.000E+000 1.762E+004
Zm ZAm G  6.588E-004 3.292E-002 3.292E-002 3.292E+001 3.110E+000 1.267E+004| 9.673E-002 9.446E-002 1.000E+000 1.017E+004
ThART: maaT Zm ZAm G 5.400E-006 2.699E-004 2.699E-004 2.699E-001 2.544E-002 1.428E+004| 9.832E-002 9.426E-002 1.000E+000 6.923E+006
2m ZAm G  2.664E-006 1,331E-004 1.331E-004 1,331E-001 1.253E-002 1,427E+004| 9.610E-002 9.410E-002 1.000E+000 3.417E+006
Display  [7] Energy scale 2m ZAm G 1.836E-004 9.175E-003 9.175E-003 9,175E+000 8.627E-001 1,427E+004| 9.800E-002 9.402E-002 1.000E+000 3.871E+004
Zm Am G 2.340E-008 1.169E-006 1.169E-006 1.,165E-003 1.0893E-004 1.268E+004 9.580E-002 9.392E-002 1.000E+000 _~2T3USETTH
Zm Zm. G 3. 1.799E+001 1.798E+001 1.799E+004 1.6B5E+003 1.26BE+004 9. ER 1.000E+000)  1.862E+001
Am Am G 5.760E-006 2,579E-004 2.879E-004 2,879E-001 2.680E-002 1.425E+004 ©.517E-002 9.310E-002 1.000E+000 0o
Mo. MNuclide Count ratg at start, cps Count rate at end, cps 95 Bm 241 95 Am 241 67.450 G 2.160E-006 1.079E-004 1.079E-004 1.07%E-001 1.001E-002 1.424E+004 9.4%0E-002 9.274E-002 1.000E+000 3.325E+006
1 “97 Co 60" 8 47E+03 8. 57E+03 35 mm 241 95 Am 241 63.760 G 2.830E-005 1.439E-003 1.439E-003 1.439E+000 1.331E-001 1.531E+004 9.466E-002 9.244E-002 1.000E+000 2.633E+005
2 "95 Am 241" 3.1E200 341E+00 35 mm 241 95 Am 241 75.320 G 5.760E-006 2.879E-004 2.879E-004 2.879E-001 2.631E-002 1.420E+004 9.392E-002 9.139E-002 1.000E+000 1.263E+006
S [ g s 35 mm 241 95 Am 241 78.100 G 2.088E-008 1.043E-006 1.043E-006 1.043E-003 9.498E-005 1.419E+004 9.366E-002 9.102E-002 1.000E+000 4.037E+008
95 &m 241 95 Am 241 92.200 G 6.120E-007 3.058E-005 3.058£-005 3.058E-002 2.687E-003 1.573E4+004 9.167E-002 8.T785E-002 1.000E+000 1.318E4007
95 Bm 241 95 Am 241 96.800 G 1.368E-006 6.837E-005 &.837E-005 6.837E-002 5.922E-003 1.572E+004 9.098E-002 B8.662E-002 1.000E+000 6.515E+006
95 Am 241 95 Am 241 98.970 G 2.232E-004 1.115E-002 1.1158-002 1.115E+001 9.601E-001 1.572E+004 9.066E-002 8.607E-002 1.000E+000 3.638E+004
95 Am 241 95 Am 241 102.9860 G 2.088E-004 1.043E-002 1.043E-002 1.043E+001 8.858E-001 1.569E+004 9.001E-002 8.48SE-002 1.000E+000 3.940E+004
) ) 95 Am 241 95 Am 241 103.700 G 1.224E-007 6.117E-006 &.117E-006 6.117E-003 5.071E-004 1.572E+004 8.892E-002 8.290E-002 1.000E+000 6.970E+007
Sel ect b Open Wlth Ed |to r” 95 Am 241 95 Am 241 115.500 G 8.280E-008 4.138E-006 4.138E-006 4.138E-003 3.351E-004 1.728E+004 8.794E-002 8.098E-002 1.000E+000 1.774E+008
95 mm 241 95 Am 241 120.400 G 4.680E-008 2.339E-006 2.339E-006 2.339E-003 1.854E-004 1.571E+004 8.710E-002 7.926E-002 1.000E+000 1.944E+008
95 Am 241 95 Am 241 123.000 G 1.080E-005 5.397E-004 5.397E-004 5.3897E-001 4.231E-002 1,727E+004 8.667E-002 7.839E-002 1.000E+000 8.654E+005
and p ress OK 95 Am 241 95 Am 241 125.310 G 4.104E-005 2,051E-003 2.051E-003 2,051E+000 1.582E-001 1,570E+004 8.630E-002 7.764E-002 1.000E+000 2.132E+005
95 Am 241 95 Am 241 125,000 G 7.200E-009 3.598E-007 3.598E-007 3.5898E-004 2.742E-005 1,727E+004 8.563E-002 7.620E-002 1.000E+000 1.586E+009 .
4 »
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’it.l/t Exercise #5: studying the detectability of a nuclide @&i}
== IAEA

ITRAC 3: Training Course on lllicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe

Answer:

* The configurations with LEGe and BEGe detectors are suitable for detecting
an additional presence of 50 Bq of 241Am in the 69Co source. The respective
MDAs are 12,2 Bg and 18,6 Bq.






	Foliennummer 1
	Exercises
	Exercise #1: predicting the number of counts / count rate
	Exercise #1: predicting the number of counts / count rate
	Exercise #1: predicting the number of counts / count rate
	Exercise #1: predicting the number of counts / count rate
	Exercise #1: predicting the number of counts / count rate
	Exercise #1: predicting the number of counts / count rate
	Exercise #2: coping with elevated count rate
	Exercise #2: coping with elevated count rate
	Exercise #2: coping with elevated count rate
	Exercise #2: coping with the elevated count rates
	Exercise #3: selecting an appropriate detector
	Exercise #3: selecting an appropriate detector
	Exercise #3: selecting an appropriate detector
	Exercise #4: exploring nuclide contributions
	Exercise #4: exploring nuclide contributions
	Exercise #4: exploring nuclide contributions
	Exercise #4: exploring nuclide contributions
	Exercise #5: studying the detectability of a nuclide 
	Exercise #5: studying the detectability of a nuclide 
	Exercise #5: studying the detectability of a nuclide 
	Exercise #5: studying the detectability of a nuclide 
	Exercise #5: studying the detectability of a nuclide 
	Exercise #5: studying the detectability of a nuclide 
	Exercise #5: studying the detectability of a nuclide 
	Foliennummer 27

